A dot immunobinding assay (DIA) was developed for the detection of antibodies to S almonella enteritidis. Western blot analysis of outer membrane proteins from SE identified 2 polypeptides of molecular masses 43 and 46 kD that were specific for S . enteritidis. These 2 polypeptides were utilized as antigens in the DIA. The DIA was tested on sera from chickens experimentally infected with S . enteritidis. Results of the DIA were compared with that of conventional microagglutination and serum plate tests. The DIA was a highly specific and sensitive test that can be useful for screening birds to determine if they are infected with S . enteritidis. Its simplicity, reliability, reproducibility, and speed in interpreting the assay results makes it a useful screening test for flock monitoring.
S almonellosis causes substantial losses in the poultry industry through mortality and decrease production. In the last few years, there has been an increase in the number of human cases of S . enteritidis infection in the United S tates, Canada, and Europe. Epidemiological studies of S . enteritidis outbreaks indicate that grade A whole shell eggs or food containing eggs were a major source of infection. 6 S almonella enteritidis may rarely cause clinical disease in chicks over 3 weeks of age. 1 1 As with S . typhimurium, S . enteritidis can be present in the ovary and oviduct in a small percentage of clinically healthy recovered birds. 1 S ystemic infection of birds with S . enteritidis increases the risk of internal contamination of shell eggs with the organism. In addition, contamination of the egg shell can take place when the egg comes in contact with fecal and other material contaminated with S almonella. 2 2 One of the conventional procedures for diagnosis of S . enteritidis infection in chickens involves the culture of cloacal swabs. However, the principal drawback with this method is that a single swabbing of each bird may not detect the presence of S . enteritidis organisms because of intermittent bacterial shedding. Repeated cloacal swabbing of all birds would increase the chances of positive culture, but continual swabbing of all birds in the field is very time consuming and is not a practical approach. An alternative method to culturing has been the detection of serum antibodies formed against infecting S . enteritidis organisms. The detection of serum antibodies remains theoretically more desirable for mass screening than in vitro culture of cloacal swabs. Persistence of antibodies to S almonella has been de- 30, 31 are used for the detection of S almonella infection in chickens. These tests rely on the agglutination of bacterial cells in the antigen suspension and are consequently biased towards the detection of IgM antibodies. 1 4 Over the past few years, the enzyme linked immunosorbent assay (ELIS A) has been used for serodiagnosis of many bacterial and viral diseases. Use of the E LIS A fo r the detectio n S alm o ne lla infectio n in genera1 1 2,21 and S . enteritidis infection in particular 1 4,26,28 has been reported. In the ELIS A, plate-to-plate or wellto-well variation as a result of differing antigen quantities being bound to microtiter plates can produce nonreproducible results. 27 Plate-to-plate variation with plastic plates used in the ELIS A can be circumvented by dotting antigens on nitrocellulose membranes. 1 7,25,27 The dot immunobinding assay (DIA) possesses higher specificity for detection of antibodies to soluble proteins, nucleic acids, and membrane proteins than does the ELIS A. 3,4,9,1 3 The use of nitrocellulose filters as a support for antigens in DIA has a number of advantages over conventional immunoassay procedures.
Outer membrane proteins (OMP) of S almo nella evoke an immune response, 20, 23 and the detection of this expressed immune response can aid in the identification of birds infected with S almonella. The objective of this study was to identify the presence of antigens if any from OMP of S . enteritidis that may be specific for this organism and examine their use in a DIA for rapid serodiagnosis of S . enteritidis infection in chickens.
Materials and methods
Outer membrane proteins. S almonella enteritidis strain Y 8P2 a phage type 8 was grown on tryptic soy agar b in bottles and harvested in HEPES buffer c (pH 7.4) . OMP were extracted as previously described, 7 with a few modifications. The bacterial cells were disrupted by using a sonicator d for 60 sec. Intact cells and large debris were removed by centrifugation at 1 ,700 x g e for 2 0 min and the supernate was centrifuged at 1 00,000 x g for 2 0 min at 4 C. The clear gellike pellet was resuspended in 1 0 mM HEPES buffer to which an equal amount of 2 % detergent c was added, and the mixture was held overnight at 4 C. The mixture was centrifuged at 1 00,000 x g for 60 min at 4 C, and the detergent insoluble pellet was harvested, resuspended in distilled water, and dialyzed for 2 4 hr. The protein concentration in the suspension was determined by protein assay 5 and subjected to immunoblot analysis.
Antisera. Antisera against S . enteritidis, S . pullorum, S . typhimurium, and S . arizonae produced in turkeys in our laboratory were used.
Protein immunoblotting. OMP from S . enteritidis prepared earlier were separated by 1 2 % sodium dodecyl sulfate polyacrylamide gel electrophoresis f (SDS-PAGE) as previously described 1 8 with 4% stacking gels for 1 5 hr at 4 C. Proteins separated by S DS -PAGE were electrophoretically transferred to a nitrocellulose membrane f using an electrophoresis unit g with electroblotting buffer containing 2 5 mM Tris, 40 mM aminohexoic acid, c and 2 0% methanolc (pH 7). The nitrocellulose strips were stained with a protein stain c to visualize the transferred proteins and then destained with distilled water. The strips were then immersed in Tris-buffered saline solution (TB S ) containing 50 mM Tris, 1 50 mM NaCl, and 5% nonfat dried milk (pH 7.5) for 3 0 min at room temperature. The nitrocellulose strips were rinsed in Tris-Tween buffer saline solution (TTBS ) containing 0.05% Tween-2 0 c in TB S (pH 7.5) and incubated for 3 hr at 3 7 C with serum containing S . enteritidis, S . pullorum, S . typhimurium, or S . arizonae antibodies raised in turkeys. Unbound antibodies were removed by rinsing the blot in TTBS , and bound antibodies were detected by using horseradish peroxidaselabeled anti-turkey IgG (H and L chains) h and the substrate 4-chloro-1 -naphthol. c Two protein bands with molecular masses of 43 kD and 46 kD, which reacted with antibodies to S . enteritidis but not with antibodies to S . pullorum, S . typhimurium, or S . arizonae, were eluted i from the gel and concentrated) Duplicate samples of the concentrated proteins were subjected to S DS -PAGE, and the separated proteins were stained with Coomassie blue to ascertain the presence of 43 -kD and 46-kD proteins. The purity of these proteins was also tested by silver staining as previously described. 2 4 The 43-kD and 46-kD proteins were used as the coating antigen in DIA for screening antibodies against S . enteritidis in chicken sera.
S tandardization of DIA. A checkerboard titration was performed to determine the optimum antigen concentration and conjugate dilution. Nitrocellulose membrane of 0.45 m po-rosity was cut to fit, and the dot apparatus k was assembled. Serial dilutions of the protein antigen were made in carbonated buffer (pH 9.) . Ten microliters of the coating antigen in triplicates from each concentration was added to each well of the dot apparatus and incubated for 3 0 min at room temperature. The nitrocellulose membrane was then washed with TB S (pH 7.4) containing 0.1 % bovine serum albumin c (B S A) and 0.05% Tween-2 0. To minimize nonspecific binding, the nitrocellulose membrane was incubated for 2 hr at room temperature in TB S containing 3 % B S A, and the membrane was washed 3 times with TBS . Chicken anti-S . enteritidis hyperimmune sera from our serum bank were serially diluted 2 -fold in dilution buffer (TB S containing 1 % B S A), and 1 0 l of serum from each dilution were then added to each well and incubated for 2 hr at room temperature. The membrane was next washed 3 times with washing solution, and 1 0 l of a 1 :1 ,000 dilution of conjugate (horseradish peroxidaselabeled goat anti-chicken IgG, H and L chains) h in dilution buffer was added and incubated for 1 hr at room temperature. After incubation, the membrane was washed again as described above, and the color was developed with 0.06% 4-chloro-1 -naphthol containing 0.000 1 % H 2 0 2 . c The reaction was allowed to proceed for 1 0 min. At the end of this time, excess substrate was removed by washing with distilled water, and the membrane was air dried before visual interpretation of the results was made. The highest dilution of the antigen that gave a significant difference in color from negative was used as the optimum concentration of antigen for the experiment. Wells with antigen, serum, conjugate, and substrate omitted were set up as appropriate controls.
S ensitivity and specificity of DIA. Chicken sera from our laboratory pool that were either positive or negative for S . enteritidis antibodies by the microagglutination (MA) and serum plate (S P) tests were selected to check the sensitivity and specificity of the DIA. In addition, the DIA was evaluated for specificity against serum samples that were either positive or negative for S . pullorum, S . typhimurium, or S . arizonae antibodies.
Experimental design. Fifteen 1 -wk-old white Leghorn chickens determined to be S . enteritidis free by cloacal swab culture were used, Each bird was inoculated orally with 1 ml of a broth culture containing 1 0 1 0 colony-forming units of S . enteritidis Y8P2 . Cloacal swabs from each bird were collected at weekly intervals postinfection and cultured for the presence of S . enteritidis. S erum samples were obtained at weekly intervals and examined for the presence of antibodies against S . enteritidis using the DIA. Birds were examined for 1 1 wk, at which time the experiment was terminated. All the birds were euthanized by CO, inhalation, and tissue samples from liver, spleen, ovary, oviduct, bone marrow, and ileocecal junction were cultured for the presence of S . enteritidis. The results of the DIA were compared with that of the MA and S P tests.
MA and S P tests. Whole cell agglutination antigen was prepared, and the MA and S P tests were performed as previously described. 1 5,1 6 Results Immunoblotting of proteins. Immunoblotting of OMP from S . enteritidis identified 2 polypeptides, 43 kDa and 46 kDa, which were specific for S . enteritidis. Antisera against S . pullorum, S . typhimurium, and S . arizonae failed to react with either of these polypeptides.
Determination of optimum conditions for DIA. The optimum antigen concentration was 2 5 ng/1 0 l/dot. The optimum conjugate dilution was 1 0 l of a 1 :1 ,000 dilution (50 ng).
S ensitivity and specificity of DIA. The DIA did not detect S . enteritidis antibody in sera that were negative for antibodies to S . enteritidis by the MA and S P tests. The DIA with protein antigen from S . enteritidis did not react with anti-S . pullorum serum.
Efficacy of the DIA test. The S . enteritidis antibodies were first detected 7 days after infection in all 3 tests examined. The DIA and MA tests identified antibodies in 87% of birds infected at 1 week postinfection, and the S P test identified only 40% of birds infected. At 2 and 3 weeks postinfection, the DIA and MA tests were able to detect 1 00% of birds positive for antibodies to S . enteritidis. Between 4 and 1 1 weeks postinfection, the DIA detected 87-97% of birds positive for S . enteritidis antibodies.
At 6 weeks postinfection, the MA and S P tests detected only 53 % and 60%, respectively, of birds positive for S . enteritidis antibodies, compared with 87% by the DIA. Between 7 and 1 1 weeks postinfection, the MA detected 40.47% and the S P test detected 3 3 , 40% percent of birds positive for S . enteritidis antibodies. However, during the same period, the DIA was more sensitive, detecting a higher percentage (87.93 %) of birds positive for S . enteritidis antibodies.
Comparison of DIA with cloacal swab culture. The cloacal swabs from infected birds were positive for S . enteritidis until 7 weeks postinfection. The percentage of cloacal swabs found positive for S . enteritidis varied between 7% and 47%. After 7 weeks postinfection, none of the infected birds were positive by cloacal swab culture for S . enteritidis. The DIA was able to show S . enteritidis antibodies in a high percentage of birds (87-1 00%) between 1 and 7 weeks postinfection. Even after the cloacal swab cultures were negative for S . enteritidis, the DIA continued to detect S . enteritidis antibodies throughout the experiment.
Isolation of S. enteritidis from internal organs. Tissues from internal organs (liver, spleen, ovary, oviduct, bone marrow, ileocecal junction) of infected chickens were cultured for the presence of S . enteritidis. Eight of 1 5 birds had S . enteritidis in 1 or more of their tissues.
Discussion
Among the enteric bacterial pathogens, S almonella organisms are very important as agents of Zoonotic disease. The laboratory procedures for identification of salmonellae are still laborious and time consuming. 1 9 In the present study, at 7 weeks postinfection none of the birds were shedding S . enteritidis, as determined by the cloacal swab culture method. The DIA was consistently able to detect antibodies to S . enteritidis in a high percentage of birds (87.93 %) when cloacal swabs were negative for the organism. S imilar results have been reported with S . typhimurium, 1 2 where high antibody titers were detected in the absence of fecal evidence of S almonella following experimental infection. S almonella enteritidis is generally regarded as invasive as S . typhimurium. In the present study, when the internal organs were cultured for the presence of S . enteritidis, 53% of infected chickens had S . enteritidis in 1 or more of their tissues. Oral infection of birds with S . enteritidis results in tissue invasion and the production of circulating antibodies. 2 Hence, serologic testing of poultry flocks for S . enteritidis is advantageous over bacteriologic examination because the organism is shed intermittently 32 or may even cease to be excreted even though serum antibody titers persist. 2 The dot-ELIS A procedure using nitrocellulose filters as a solid support is highly sensitive and reproducible for the detection of S almonella infections. Nitrocellulose has a high binding capacity for proteins, which ensures that the concentration of protein per dot remains constant during the test. 25 A flock surveillance system that can monitor chickens for S . enteritidis infection rapidly and accurately is important. 1 0 In this study, the conventional MA and S P tests were able to detect 1 00% and 93 %, respectively, of experimentally infected birds at 5 weeks postinfection. The sensitivity of MA and S P tests decreased after 7 weeks postinfection, when the MA test could detect between 40% and 47% and the S P test could detect between 3 3 % and 40% of serum samples positive for S . enteritidis from experimentally infected birds. S imilar observations on the low sensitivity of the S P test have been reported. 8 The low degree of sensitivity in the MA and S P tests can be attributed to the type of antibodies that both tests can detect. B ecause the MA and S P tests are conducted with the whole cell antigens and because they rely on the agglutination of bacteria, they are biased towards the detection of IgM antibodies. In the DIA, the highly specific and sensitive protein antigen that was selected by the immunoblot detected between 87% and 93 % of birds positive for S . enteritidis antibodies between 7 and 1 1 weeks postinfection. This high detection rate may be due to the high IgG titers that can persist for many weeks following infection with S . enteritidis; 1 4 the DIA can detect these circulating antibodies. These results support those of earlier studies 1 4,21 where the ELIS A was able to detect more positive birds for a longer period of time than were the MA or S P tests. Also, the lack of specificity of the MA and S P tests requires a convenient, rapid test to discriminate between antibodies resulting from exposure to S . enteritidis or antibodies stimulated by other S almonella species. 8 The MA and S P tests have been used widely in eradication programs, even though they are not ideally suited because of the time involved and the presence of cross-reactions between other S almonella, especially S . pullorum and S . typhimurium. 26 The DIA can be completed in 3 -5 hours and uses a simple protocol that can be easily adapted under field conditions for rapid detection of S . enteritidis antibodies. Also, interpretation of the test was visual, and there was no difficulty in detecting positive and negative samples. Although a densitometer can be used to record the results, the utility of the DIA as a field test requires a simple interpretation method, such as visual reading. The results from this study show that the DIA is a sensitive and very specific test for detecting seropositive birds. However, attempts to isolate S . enteritidis from such seropositive birds confirm the diagnosis. This type of approach is used in S . pullorum eradication schemes in the United S tates. The DIA is applicable as a screening test in monitoring programs for serodiagnosis of S . enteritidis infection in poultry flocks.
